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THE RESPONSE OF EMBRYONIC CHICK MEMBRANE TO
BOWEN'S INTRAEPITHELIAL CANCER*
E. MEIROWSKY, M.D., L. W. FREEMAN, M.D., PH.D. AND J. S. WOODARD M.D
Of the many approaches to the possible etiology of cancer, it would appear that
study of precancerous conditions such as Bowen's disease could be a fruitful one.
It is the purpose of this communication to present experimental evidence point-
ing to a virus etiology of Bowen's disease.
A number of observations by the senior author led to the present investigation.
Chronic parenchymatous keratitis in rabbits was observed after the injection of
filtered serum from a patient with psoriasis, complicated by arthritis and relaps-
ing corneal ulcers (1). However, an abortive form of parenchymatous keratitis
resulted when heated sera from other patients with psoriasis were used. Severe
orchitis has been produced in rabbits by injection of filtered and unfiltered serum
from patients with psoriasis, pemphigus and Duhring's disease. Control injections
of normal tissue failed to produce orchitis for eight or nine passages. Subse-
quently, however, orchitis developed and resulted in death of the animals. Injec-
tion of blood from a control animal into the testes of another rabbit also resulted
in orchitis and death. These results indicated that an autochthonous virus was
the causative agent (2).
The chick's embryonated egg lends itself exceptionally well to studies because
there is little danger that it may harbor endogenous viruses that could become
activated in the course of the experiments. Cottral (3) found five viral and four
bacterial diseases in birds which might have transmission. Cox (4), however,
pointed out that the chances were rather remote of picking up an endogenous
virus in an embryonated egg. Among advantages of the use of embryonated eggs
for etiological studies are the absence of complement and antibodies (5, 25, 26,
27), the readiness with which implants take on the allantois, and the suscepti-
bility of the yolk sac to viral and rickettsial infection.
The method presents certain disadvantages. A refractory period on the eight-
eenth and nineteenth day after incubation may interfere with growth (6). Slowly
growing tumors may not reach maturity, since the period of development of
normal and pathological tissues in a chick membrane is limited to approximately
ten days. The optimum site of implantation varies with different diseases. The
incubation temperature and the time of sacrifice may influence the results of
experiments. Even individual eggs differ in their susceptibility to viral infection.
Many eggs, for instance, do not develop lesions of the allantois after inoculation
with the variola virus (28).
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Center; aided in part by a grant from the Indiana Elks Association through the Indiana
Cancer Society.
Presented at the Fourteenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., New York, N. Y., May 30, 1953.
417
418 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
METHOD
The lesions of two cases of Bowen's disease and a variety of other conditions
have been used in the present study. One gram of tissue was minced with two to
three cubic-centimeters of saline to which one tenth of penicillin (3000 units) and
one tenth of streptomycin (2.5 mgms.) per cubic-centimeter was added. After
centrifuging the minced material for one hour, the supernatant was filtered through
medium or fine Seitz or Porcelain filters. The sediment was suspended in saline
(one gram per two to three cubic-centimeter of saline). Both specimens, filtered
and unfiltered as well, were dropped routinely on the allantois of nine day old
embryos, or were injected into the yolk sac of five day old embryos. Other
routes included the amnion cavity, the blood stream and the body of the embryo.
RESULTS
1. Gross pathology of lesions on the allantois membrane
(a) Case I (MC). Lesions of the allantois were demonstrated in the second and fourth
passages with unfiltered serum, and in the third and fifth passages with filtered scrapings.
In the third passage, a considerable number of round, grayish prominences, measuring two
millimeters in diameter, made their appearance. A large prominence, measuring four by
six millimeters, was present in the center of the allantois (Fig. I, A).
(b) Case 2 (W). The second, third, fourth and fifth passages with filtered scales showed
distinct lesions on the allantois of the same general character as described in the first case.
Fin. I. A. Bowen Mc. Lesions on the Allantois inoculated with filtered scales. Third
passage. Nine days after incoulation X2. B. Bowen Well. Lesion on the Allantois after
inoculation with filtered scales. Fifth passage. Seven days incubation, X25.
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One of the most conspicuous lesions is pictured in Figure I, B. It was obtained in the fifth
passage, seven days after inoculation of filtered minced scales.
2. Histological findings
(a) Case 1 (MC). As early as the first passage, ten days after inoculation of unfiltered
scales, epithelial cells appeared in whorl formation, showing dyskeratosis and vacuolation.
Solid sprouts of ectodermal cells could be seen to extend into the mcsenchyme from the deep
layers of the epithelium, forming an infiltration with epithelial cells in circumscribed areas.
In the second passage, the epithclial proliferation was still more marked. Epithelial giant
cells were in evidence. There was a considerable increase of mcscnchymal cells in the sub-
epithelial tissue which was also infiltrated by epithelial cells. The latter had even penetrated
some of the capillaries. All these changes became more conspicuous in the third and fourth
passages, eight days after inoculation of unfiltered material. The occurrence of pearls, giant
cells and mitoscs manifested itself within the epithelium (Fig. II, A, B, C, arrows). In the
fifth passage, nine days after inoculation, an epithelial growth filled out the entire mem-
Fm. II. Histology of Bowen Mc. A, B, C third passage after inoculation of unfiltered
material on the Allantois. Eight days incubation. Proliferation of the ectodermal layer with
pearl formation within the epithel (arrows), ><200. D. Part of a growth filling out the entire
Allantois. Fifth passage. Filtered scales. Nine days incubation, XI5O. E. The same growth,
X200.
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FIG. III. Histology of Bowen Well. A. First yolk sac passage. Scales unfiltered. Ten
days incubation. A growth fills out the entire yolk sac membrane, X75. B. The same growth
containing giant cells (arrows), X200. F. Fourth passage Allantois. Filtered scales. Nine
days incubation. Giant cell and clumped nuclei within the loosened epithelium, X250. F.
First passage Allantois. Filtered scales. Seven days incubation. Showing the proliferation
of the epithelium with numerous giant cells (arrows).
brane (Fig. II, D, F). A copious number of blood vessels was scattered throughout the
growth. As in previous passages, some of these blood vessels were filled with epithelial cells.
(b) Case 2 (W). (Fig. III, A—H). Diseased epithelium, distinguished by marked pro-
liferation, appeared between islands of normal cells. Instead of the usual two, fifteen or more
rows of epithelial cells extended into the mesenchyme in wedge-like fashion (Fig. III, F).
There was a striking repetition of the disorderly arrangement of cells usually seen in Bowen's
disease. In the basal and prickle cell layers, the cells differentiate to form metaplastic
squamous cells which often exhibit the shape of long filaments. (Fig. III, C, C). Cells of
epithelial character can be noted within the vascular channels, (Fig. III, C; Fig. IV, E, F).
Clumped nuclei and giant cells appear in the stratum corneum and in the Malpighian layer
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FIG. III. C. First passage Allantois. Filtered scales. Seven days incubation. Showing
numerous dyskeratotic cells of the epithelium, X400. D. Fourth passage Allantois. Filtered
scales. Nine days incubation, giant cells and clumped nuclei, X800. G. First passage Al-
lantois. Filtered scales. Seven days incubation. Numerous giant cells and dyskeratotic cells
in the basal and the Malpighian layer. Epithelial cells enter a capillary and a blood vessel,
X400. H. Second passage Allantois. Seitz-filtered scales. An epithelial growth fills out about
two-thirds of the membrane. Seven days incubation. Numerous dyskeratotic cells are
present. Giant cells in other parts of the growth, X300.
in the fourth passage (Fig. III, D, E). As early as the first yolk sac passage, a growth oc-
cupied almost the entire membrane (Fig. III, A, B). It was composed of epithelial cells
(Fig. III, A), and giant cells (Fig. III, B, arrows). Filtered material of the second allantois
passage also produced a growth with numerous dyskeratotic cells and giant cells in the
allantois (Fig. III, H). Nests of highly atypical stratified epithelium were noticed.
3. Fate of the inoculum
The inoculum on the surface of the allantois Consisted of a Conglomeration of
seemingly dead or degenerated cells. Their protoplasm stained markedly acido-
philic, their nuclei were shrunken and pycnotic. Only rarely was a normal ehro-
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matin structure observed. The inoculum did not remain on the surface. It was
found in cavities between loosened epithelial cells (Fig. IV, A, B, C, arrows).
Apparently, it had pierced through the ectodermal layers to lodge in Hassall-lilce
bodies (Fig. IV, D) and in pearl structures within the mesenchymal lymph spaces
(Fig. IV, G).
Fio. IV. Fate of the inoculum. A, B, C Bowen Mc. Unfiltered scales. Third passage
Allantois. Nine days incubation. The inoculum lies in the epitbel (arrows). A and C, X100.
B, X800. D. Bowen Well. Second passage. Unfiltered scales. Nine days after incubation.
The inoculum lies in a Hassall-like body, x800. E. Bowen Well. Second passage Allantois
inoculated with filtered material of first Allantois passage eight days inoculation. A lymph-
space is filled with cells of an epithelial character, X400. F. Bowen Well. Second yolk sac
passage. Filtered scales. A capillary is filled with cells of an epithelial character, X300.
G. Bowen Mc. Third passage Allantois. Unfiltered scales. Nine days incubation. The inocu-
lum lies in a pearl formation, X800.
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TABLE I
Controls
RESULTS
AUTHORS MATERIAL Dyskeratosis, clumped nuclei. Intra-
epithelial and multinucleated giant
cells. Intraepithelial pearl formation
Danchakoff (7) Normal tissues (kidney, liver, tes- Not reported.
Goodpasture (8) tides, ovary, bone, different em-
Stevenson (9) bryonic organs). Different mouse
Hurst (10) tumors. Rat sarcoma, Rous sar-
Karnof sky (11) coma. Human tumors (cancer of
Krogh (12) breast, of testicle, of lung, mela-
Moore (13) nomas, Hodgkin disease and other
Murphy (14) malignancies).
Oakley (15)
Rous (16)
Shrek (17)
Taylor (18)
Shrigley (19) Molluscum contagiosum, warts, cc- An individual giant cell but
tromelia, vaccinia, Rous sarcoma, no dyskeratosis in an allan-
tois inoculated with wart
material.
Meirowsky and Penicillin, Streptomycin, normal al- No dyskeratotic changes.
Freeman lantois,* normal yolk sac,5 blood
serum, normal blister,* normal
scales,* normal melanin,* Psoria-
sis, Pemphigus,* Duhring's dis-
ease, Darier's disease, L. Erythe-
matodes,* Pitvr. rosea, Mouse tu-
mors, Cloudman melanoma.*
* Carried out in passages.
CONTROLS
Controls have been carried out with normal organs of chick embryos, with
normal and pathological human and animal tissues, and with tumors (Table I).
Dyskeratotic cells in conjunction with pearl formation within the epithelium
have never been observed. In only one section of the allantois, on which scrap-
ings of a wart had been transferred was a single pearl formation seen and then
there was no concomitant dyskeratosis.
DISCUSSION
The essential histological feature of Bow en's disease consists of dyskeratosis
in an hypertrophic epithelium. This dyskeratosis is always associated with inter-
and intracellular edema. Vacuolated and clumped nuclei, pearls and multinu-
cleated giant cells within the epithelium complete the picture. Implantation on
allantois or yolk sac of specimens obtained from Bowen's lesions produce essen-
tially the same changes. Deviations can best be explained on the basis of physio-
logical and anatomical differences between the two types of epithelium.
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Physiologically, the allantois is a "poorly individualized structure" (15).
Tubercie bacilli (13), other bacteria (20), Trypanosomes (21), Spirochetes (22),
Malarial parasites (23), fungi (24) and other pathogens may grow actively in
chick membranes. Normal and pathological tissues (7—19) take readily in embry-
onic membranes, but poorly, if at all, in the adult chick (6, 15).
Anatomically and physiologically, the allantois is primarily the respiratory
organ of the chick embryo. It has an epiectodermal and a subectodermal blood
supply (7). This arrangement seems to facilitate the invasion of epithelial cells
into subepithelial vascular channels. Apparently the basal cell layer of the allan-
tois does not act as a barrier as it does in Bowen's disease.
Proliferation with pearl formation in the mesenchyme upon implantation of
different specimens distinguishes the embryonic membrane from the adult hu-
man epithelium (7). While pearl formation within the mesenchyme is an non-spe-
cific reaction, the appearance of pearls within the epithelium of the allantois simul-
taneously with dyskeratosis of epithelial cells, seems to be a specific response
to the implantation of tissues obtained from Bowen's disease. The appearance
of an epithelial growth after implantation of filtered material in the allantois
is certainly significant. The limited period of the experiments, however, precluded
observations about possible future malignant tendencies. The production of
demonstrable lesions on the allantois by serum suggests the presence of a
causative agent in the bloodstream.
It has been shown that the inoculum has penetrated through the epithelium
into pearls and Hassall-body-like structures into the lymph spaces. The patho-
logical changes in the chick's membranes do not derive from the cells of the
inoculum. They originate in the cells of chick embryo, indicating a process of
induction, rather than of transfer of human cells. Thus, it appears that the inocu-
lum contains and releases an animate or inanimate agent which is capable of
producing dyskeratotic changes in embryonic membranes. In as much as these
changes can be produced in passages with filtered material, a viral etiology sug-
gests itself. Taylor and Carmichael (18) have arrived at the same conclusion in
their work with egg cultivated breast cancer of mice.
Although histological and experimental findings support the concept that an
infectious agent for the chick embryo was isolated from the patients with Bowen's
disease, serological evidence for an association of the infectious agent and disease
in the patient remains to be found. The demonstration of antibodies in the sera
of patients capable of protecting the chick embryo against the infectious agent
would strongly support the view that an infectious agent was associated with
Bowen's disease. Such experiments are now in progress.
SUMMARY
1. Filtered and unfiltered specimens of two cases of Bowen's disease have been
implanted in passages on the allantois and yolk sac of chick embryos.
2. The resulting histological changes were essentially those of Bowen's disease.
3. Epithelial cells have been demonstrated to invade vascular channels.
4. An epithelial growth of the membranes developed during the course of the
passages.
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5. Injection of blood serum also produced characteristic histological changes
in the allantois.
6. Control tissues from a variety of conditions have not produced the same
changes.
7. A virus etiology of Bowen's disease has been suggested.
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DISCUSSION
DR. RUDOLF L. BAER, New York City, N. Y.: I want to call your attention to
some recent work by J. A. Bivins of Rutgers University, dealing with studies on
the virus etiology of verruca vulgaris which was published in Science 117: 300,
1953. Bivins inoculated the chorio-allantoic membrane of chick embryos and
was able to recover from a wart on his own finger an agent which grew through
subsequent passages on chick allantoic membranes. A Berkefeld filtrate con-
tinued to exhibit the same properties.
Bivins has carried out inoculation of the chick allantoic membrane material
into the skin of human beings, but thus far he has not succeeded in deliberately
producing verrucae vulgares. This fact alone does not rule out the possibility that
he has recovered the etiologic agent of verruca vulgaris because from experiments
many years ago, in Breslau and other places, we know that it may take years
after the inoculation of wart material until the clinical evidence of verruca vu!-
garis appears. On the other hand the evidence brought by Bivins to date also
does not yet allow the conclusion that the virus of the common wart has finally
been cultured.
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DR. HERMANN PINKTJS, Monroe, Michigan: This very interesting piece of work
recalled to my mind that a number of years ago, at a meeting of the Michigan
Pathological Society, a slide of typical Bowen's disease was presented as a virus
papilloma by Dr. R. J. Parsons, a pathologist who was particularly familiar with
rabbit papillomas. He pointed out that histologically one could find all the
changes that characterize virus papillomas in rabbits, in this case of human
papillomatosis which to dermatologists would have been Bowen's disease. Now
Dr. Meirowsky seems to have brought suggestive evidence that in Bowen's dis-
ease a virus is concerned, or to put it more cautiously that some cases which we
diagnose as Bowen's disease are caused by a virus.
Then I want to make very short comment on what Dr. Baer said. There is on
the market, but only for veterinarian use, a cattle wart vaccine which supposedly
is grown on chick allantoic membrane.
DR. HARVEY BLANK, Philadelphia, Pa.: Several years ago, following a pre-
liminary report on the possible virus etiology of mycosis fungoides, Dr. Minerva
Buerk and I undertook some studies in which we attempted to transmit an agent
from lesions of mycosis fungoides to both the chick chorioallantoic membranes
and to various other parts of the chick as well as to mice. In a large number of
experiments we were unable to see any differences in the histologic sections
between material obtained from mycosis fungoides lesions and that obtained
when normal skin or other control material was injected.
It is unfair for one to make a comment on photomicrographs without having
studied the tissue firsthand. However, we have been impressed by the enormous
variety of histologic changes which one can see in chick membranes following the
inoculation of a wide variety of material. I agree with Dr. Meirowsky that epi-
thelial pearls are of no significance because they can be formed by pricking the
membrane with a needle. (See Blank, H., Kaneda, B., and Liu, 0., Proc. Soc.
Exp. Biol. Med. 79: 404, 1952.) Dr. Meirowsky has carried out a large number of
control experiments and yet I feel that the evidence for specific changes which
cannot be seen under other conditions with other material is very tenuous.
Secondly, the work that Dr. Baer mentioned by Bivins (Science, 117: 300,
Mar. 20, 1953) on the cultivation of the human wart virus on the chorioallantoic
membrane is open to the same serious criticism. I feel he has shown nothing
which has not been demonstrated many times (see Felsher, Z., J. Invest. Derm.
8: 123, 1947), and that he has no acceptable evidence as yet that he has grown the
human wart virus on the chick membrane.
To prove that an agent thought to be growing in the chick embryo is the cause
of the disease being investigated it is necessary to fulfill Koch's postulate by
reinoculating the egg material into humans or animals and reproducing the
disease. Until some similar study is done it is necessary to view these interesting
studies with skepticism.
DR. In L. SCHAMBERG, Elkins Park, Pa.: In his presentation of this very
interesting piece of work, Dr. Meirowsky stated that he felt these changes were
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due either to an animate or inanimate substance. His evidence for that appar-
ently is the production of these changes by cell free filtrate and by serial passage
in the chick embryos. Epidemiological and clinical evidence oppose a virus eti-
ology in Bowen's disease, and I would think that some as yet unidentified chem-
ical substance in the Bowen's lesion might be of etiologic importance. If the
number of serial passages was small, minute amounts of a chemical might be
passed from one embryo to another.
I would like to ask Dr. Meirowsky how many serial passages of chick embryo
successfully transmitted this lesion.
DR. E. MEIROWSKY (in closing): I certainly appreciate this most stimulating
discussion which has added much constructive thought to the problem of the
etiology of Bowen's disease.
In the Pitman-Moore laboratory in Indianapolis, the papilloma virus of cattle
has been cultivated in the allantois of the embryonated egg. An effective vaccine
has been manufactured.
Doctor Blank commented on the possibility that a toxic substance, peculiar to
specimens of Bowen's disease, may be responsible for the changes which have
been demonstrated. This thought is worthy of serious consideration. However,
it is not supported by our macroscopic and microscopic findings. The gross lesions
do not differ from those of other acknowledged virus diseases. There has been no
evidence of an inflammatory process involving the membranes. Histologically,
lesions of the allantois were surrounded by normal cell structures. Polymorpho-
nuclear cells were exceedingly scarce.
Our results might have been caused by the property of the ectoderm to sprout
and to cornify. This might also be responsible for frequent pearl formation within
the mesenchyme. However, pearl formation within the ectodermal layers did not
occur in our controls.
The possibility of cross-infection with endogenous viruses always presents a
problem. The laboratory mouse is the carrier of six different viruses. Some of
these belong to the group of large psittacosis viruses. We have already com-
mented on the occurrence of an endogenous virus in the rabbit. While Cottral
(3) reported that he found five viral and four bacterial diseases suggestive of egg
transmission, Beveridge and Burnet (5) feel that "there is no well authenticated
report of a chick embryo being a natural carrier of any virus." Cox (4) has
studied about a million embryonated eggs and has never encountered an endoge-
nous virus. It does seem as if the chick embryo were the least susceptible to inter-
ference from endogenous viruses.
Confirmation by serological methods will be necessary in order to reach a final
conclusion.
I only want to add that experiments on the embryonated egg in conjunction
with electron microscopy may well lead to the solution of one of the most urgent
etiological problems in dermatology. Virus-like bodies have been photographed
in specimens obtained from psoriasis scales. Filamentous forms, similar to those
demonstrable in influenza and Newcastle's disease, have also been found. Pem-
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phigus and Duhring blisters contain virus-like bodies. Intravenous injection of
filtered serum and filtered blister content of pemphigus patients resulted in
ataxia and death of the surviving hatched chicks. Filtered brain material of one
of these birds injected intravenously produced again ataxia and death of the
surviving hatched chicks. Even more remarkable is the appearance of virus-like
bodies in the third yolk sac passage of filtered blood serum from a patient with
systemic lupus erythematosus. These brick-shaped bodies are characterized by a
dark inner structure which has also been observed and analyzed in the virus of
vaccinia. (R. H. Green, Anderson, T. F., and Smadel, J. E. Morphological Struc-
ture of Virus of Vaccinia. J. Exp. Med. 75: 651—656, 1942.) While these obser-
vations are not conclusive, they suggest a direction for future investigative work.
